Purpose To measure corneal hysteresis and intraocular pressure (IOP) 
Introduction
Dry eye is a disorder of the pre-corneal tear film layer. Deficiencies in secretion of tear or increased evaporation of tear are the main reasons of this clinical syndrome. It can be associated with different types of symptoms, signs, and ocular surface problems. Mainly it affects the cornea, conjunctiva, and the sclera. 1 Although mild tear deficiency causes minimal ocular surface disease, a severe form of the disease can cause sight-threatening corneal complications. Corneal pathologies seen in dry eye are: epithelial keratopathy, filamentary keratitis, mucus plaque, marginal-paracentral corneal thinning, decrease in central corneal thickness, corneal ulceration, and perforation. 2 There is a lot of evidence that inflammation is the main pathological factor but the exact mechanism has not been understood yet. All inflammatory cells, cytokines, and proapoptotic factors were found to be increased in dry eye. 3, 4 In an experimental study, corneal peripheral and central epithelium apoptosis were shown in dry eye. 5 Elsheikh et al 6 showed that an intact corneal epithelium has a very important function over the corneal biomechanics. But the effect of pre-corneal tear film layer, which was accepted as a member of corneal epithelium, over the corneal biomechanics has not been clarified yet. IOP measurement in dry eye is another pending question. The accuracy of GAT depends on some simplifying assumptions and one of them is that the surface tension of the tear film would balance the corneal rigidity. As dryeye patients lack a healthy tear film layer, IOP measurement with GAT can be erroneous. 7 Another factor is central corneal thickness (CCT), which is shown to be decreased in dry eye. 8, 9 The consensus is that IOP measurement using GAT may be falsely reduced in patients with thin corneas. 7 All these corneal changes seen in dry eye can affect the corneal viscoelasticity, which can be measured with the Ocular Response Analyser (ORA; Reichert Ophthalmic Instruments, Buffalo, NY, USA). Corneal hysteresis (CH) is the term that is used for corneal viscoelastic properties. The ORA determines corneal biomechanical properties using an applied force-displacement relationship. The cornea passes a first applanation and then comes a slight concave form. Within a few milliseconds, applied pressure decreases and the cornea passes through an applanated state again. It returns from concave form to its original convex curvature. All these processes take place within approximately 20 milliseconds. The measurements are taken from a 3.00-mm diameter central corneal area. During this applanation process, two different applanation pressures are noted because of corneal viscoelastic properties. 10 So, we can derive corneal viscoelastic properties such as CH, corneal resistance factor (CRF), and corneal-compensated intraocular pressure (IOPcc) in numerical value. Although CH, also known as corneal damping response, reflects corneal viscoelasticity, CRF reflects corneal elasticity. 11, 12 In this study we used the ORA to measure the corneal biomechanical properties and IOP. The aim of this study was to investigate whether the pre-corneal tear film layer deficiency has an effect on corneal biomechanics measured with ORA.
Materials and methods

Subjects
This study consisted of 70 eyes of 40 dry-eye patients (group 1) and 75 eyes of 40 normal subjects (group 2). We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research. All patients completed the informed consent form. The diagnosis of dry eye is difficult because it does not have a standard test or specific findings on biomicroscopy. The diagnosis is usually made according to the combined symptoms, clinical examination, and specific tests. Eyes were diagnosed as dry eye or normal according to the clinical symptoms, biomicroscopic evaluation, and Schirmer I test. A questionnaire form was also used for diagnosis (Table 1) .
Subjects underwent a full ophthalmological examination, including best-corrected visual acuity, IOP measuring by applanation tonometry, biomicroscopic, and fundus examination by slit lamp. Further clinical tests were performed on patients that had two or more symptoms according to the questionnaire form. Schirmer I test was performed on all patients. A combination of positive symptoms according to the form and Schirmer I test values less than 10 mm was accepted as dry eye. Patients having refraction error, keratoconus, previous intra or extra ocular surgery history, blepharitis, conjunctivitis, corneal dystrophy, cataract, glaucoma, and patients using any medications were excluded from the study.
Ocular response analyser measurement
CH, CRF, and IOPcc were measured by the ORA. The interval between the ORA and GAT measurements was 30 min. Three GAT measurements were taken first and then ORA measurements were taken by an observer masked in terms of groups. Three ORA measurements were obtained per eye. The measurement with the highest waveform score was retained.
Central corneal thickness (CCT) of the patients was measured after application of a local anaesthetic agent with an ultrasonic pachymeter attached to the ORA.
Statistical analyses
Statistical analyses were performed using SPSS v.16. (SPSS Inc., Chicago, IL, USA). Results are presented as mean ± SD. Student's t-test was used to assess the difference in parameters between the groups. Pearson correlation test was used to assess the correlation between CH and IOPcc. A P-value less than 0.05 was accepted as being statistically significant.
Results
The study included 70 eyes of 40 subjects in the dry-eye group and 75 eyes of 40 subjects in the normal group. Patients with dry eye consisted of 24 women (60%) and 16 men (40%). In the normal group, 22 women (55%) and 18 men (45%) were included. Mean age for group 1 was 45.45±7.97 years, and 43.23±8.50 years for group 2. There was no statistical difference between groups for age and sex (PZ0.05) ( Table 2) . (Figure 2) .
There was no difference between the groups according to the signal pattern. The signal produced by the infrared light in a normal eye and a dry eye is given in Figure 3 .
Discussion
The cornea is the most affected tissue in dry eye, so the changes in the cornea are very important in diagnosis, treatment, and management of the dry eye, and also diseases related with dry eye. Glaucoma is the bestknown disease related with dry eye. Not only glaucoma but also medications for glaucoma cause dry eye. 13 As IOP is related to the corneal biomechanical properties 'are we measuring the IOP accurately with dry eye' is the question we must answer to make a true diagnosis and management with glaucoma patients. In this study, we aimed to measure the corneal biomechanical properties by ORA. Consecutive corneal measurements can be taken with ORA. 14 We can estimate that IOP by ORA is less influenced by corneal properties. 10 In this way, we can say that ORA is a device that measures corneal properties and IOP together.
Our study includes 70 eyes of 40 dry-eye patients and 75 eyes of 40 normal subjects. According to Laiquzzaman et al 15 CH of normal subjects have the same values in both eyes, so right and left eyes were taken in one group. Diurnal variation of CH was evaluated and it was seen that CH values were steady within 24 h. 15, 16 The mean CH value was calculated by three consecutive measurements taken in 5 min. CH was 10.56±0.25 mm Hg in the dry-eye group and 10.34±0.26 mm Hg in the normal population. There was no statistically significant difference between the two groups (PZ0.05). Mean CRF was 10.75 ± 0.28 mm Hg in the dry-eye group and 10.70 ± 0.26 mm Hg in the normal group, respectively. There was no statistically significant difference between the two groups too (PZ0.05). Although dry eye affects the cornea and causes serious problems, it does not affect the biomechanical properties of the cornea. Luce 11 reported the decreased CH measurements in eyes having LASIK and Fuchs dystrophy. In this study, CH and CRF values were a little higher than the normal subjects. There was no statistical difference between the groups, so we can say that in contrast to these diseases, corneal biomechanical properties are kept intact in dry-eye syndrome.
Mean CCT was 542.78 mm in the dry-eye group and 543.91 mm in the normal group. Although CCT in the dry-eye group is a little lower than the normal group, there was no statistically significant difference between the two groups within this parameter (PZ0.05). Previous studies showed a decrease in CCT in dry-eye syndrome, because of the osmolality of tear film and hypertonic tear film. 8, 9 According to our results, a decrease in CCT is not related with corneal biomechanical changes in dry eye. In another study, an increase in CCT values was seen at night but corneal viscoelasticity did not change. 15 This is explained because of the change in hydration state, which can be said for dry-eye syndrome too. Karadayı et al 17 showed that the CCT in dry eyes increases rapidly after application of artificial tears. They suggest this finding as a diagnostic criterion for dry eye.
IOP is another important parameter. IOP measured by ORA is called cornea-compensated IOP because it does not get influenced by corneal parameters. Mean corneal-compensated IOP (IOPcc) was 15.73 ± 0.36 mm Hg in the dry-eye and 16.60 ± 0.33 mm Hg in the normal group. There was no statistical difference between these two groups (PZ0.05), so this proves to us that ORA is not influenced by CCT. In several studies that were made with Goldman applanation tonometry (GAT), there was a relationship between CCT and IOP values. GAT measured IOP accurately when CCT was 520 mm, and each 10% difference of CCT would result in 1.1 mm Hg differences in IOP. [18] [19] [20] In this study, the correlation between CH and IOPcc was also searched. There was a positive correlation and this is statistically significantly different (Pearson correlation test, r ¼ 0.466, Pr0, 05).
Also, examination of the ORA signal morphology provides important reports about the corneal biomechanical properties. The ORA applies a focused stream of air to the external surface of the cornea. In a recent study done by Liu and Roberts, 21 deflection at applanation of the cornea is the subtraction of the internal pressure from the external air pressure applied to the cornea and the surface tension of the tear film. The literature states that the tear film pressure is 4.15 mm Hg. 7 During the ORA measurement, the cornea passes a first applanation and then comes a slight concave form. In this concave state, tear film tension pulls the cornea back toward applanation. 22 The reflection of the infrared light gives indirect evidence that the tear film remains intact in healthy eyes. In this current study we performed ORA measurements on dry-eye patients, but we did not see any difference in the reflection of the infrared light between dry eye and normal subjects. The same signal morphology of the dry eye and normal subjects leads to the conclusion that deficiency of the tear film does not alter the biomechanical properties of the cornea.
Our study had some limitations. The number of the patients with dry eye was small and dry-eye patients did not group according to the severity of the disease in subgroups. To our knowledge, our study is the first investigating the corneal biomechanical properties with ORA in dry eye syndrome.
In conclusion, dry-eye syndrome affects the cornea and causes severe symptoms but does not cause biomechanical changes on the cornea. CCT decrease is a result of osmolality of tear film. Further studies must be done with larger groups.
